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Objective: We evaluated published studies on the half-life of sublingually administered buprenorphine to determine if the values

reported, and promulgated, in medical reference documents are supported by those data.

Design: We analyzed, by regression analysis, a frequently referenced pharmacokinetic study on the elimination of sublingually

administered buprenorphine.

Results: Buprenorphine appears to follow a three-compartment distribution/elimination process. The half-lives are: Alpha: 1.4

hours, Beta: 4.6 hours, Gamma: 16.5 hours. The predominant portion of the elimination occurs in the alpha and beta phases, but the

gamma phase (sometimes called the “terminal” phase) which accounts for a minor mass of drug, appears to be closer to the values

(24-69 hours) reported in medical reference documents.

Conclusions: Many clinicians who treat patients with opioid use disorder (OUD) have observed that, given the option, the majority of

patients prescribed buprenorphine choose to split their daily doses into 2 or 3 portions in order to reduce withdrawal symptoms that

may occur towards the end of that dosing period. We conclude that the “clinical”, or effective, half-life of sublingually administered

buprenorphine is much lower than that promulgated in most medical reference documents.
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Abbreviations

OTP: Opioid Treatment Program; OBOT: Outpatient Based Opi-
oid Treatment; OUD: Opioid Use Disorder; SAMHSA: US Substance
Abuse and Mental Health Services Administration; IV: Intravenous;
IM: Intramuscular; PK: Pharmacokinetics; ng: nanogram; mg: mil-
ligram; TI: Therapeutic Index; LD50: Dose That Causes a Fatality
Rate of 50%.

Introduction

The opioid crisis is a global issue, and a US government docu-
ment [1] provides an excellent overview of the opioid epidemic.
Buprenorphine and methadone are used world-wide to treat opi-
oid use disorders (OUD), besides being effective analgesics. But
when considering these drugs for treating OUD, it is crucial to
understand their effective half-lives. Common understanding, and

the widely promulgated medical reference literature, hold that the

half-life of buprenorphine, varies from 24 to 69 hours [2-4], compa-
rable to that of methadone. A document called TIP 63 [5]: Medica-
tions for Opioid Use Disorder, published by the US Substance Abuse
and Mental Health Services Administration (SAMHSA) quoted

those references in both the original and revised versions.

However, after 6 years of treating patients with OUD, one au-
thor (DMS), has become suspicious that the clinical, or “effective”,
half-life of buprenorphine is significantly lower than reported. This
conclusion is based on his experience working as a medical director
or provider in both Opioid Treatment Programs (OTP) and Outpa-
tient Based Opioid Treatment (OBOT) programs, and from discus-
sions with similar practitioners at addiction medicine conferences.
The former is a dispensing program and the latter a prescribing
program for (theoretically) more stable, compliant patients. In the
OTP full dosing is given on site each morning until the patient earns

“take-homes”, the number increasing as stability and reliability in
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the program increases. Most OTP patients (when queried) reveal
that they rarely take their home medication in one dose. The OBOT
patients invariably split their daily dose when prescribed more

than 8 mg daily.

This article represents an investigation into that puzzling clini-
cal observation. While some of the preference to split the dose
can certainly be attributed to the habitual-use mind set of opioid
abusers, the practice seems too common for such a simplistic ex-
planation. Anecdotally, it has been observed that requested dose
increases can often be limited by better scheduling of the divided
doses, timed to interdict the onset of early withdrawal symptoms,
which may be mild, but which may cause anxiety or interfere with

sleep.

We may not convince the reader of the reasons that patients
split their doses, but we hope, in the following analysis, to provide
compelling evidence that the clinical half-life of buprenorphine is

significantly lower than commonly held.
Review

There appear to be inconsistencies in the early literature re-
garding the half-life of buprenorphine. In one of those early stud-
ies, Bullingham., et al. [6] administered buprenorphine intrave-
nously (IV) and intramuscular (IM) for post-operative analgesia, in
total doses up to 0.6 mg, and measured plasma levels for 3 hours.
After ~20 minutes the elimination curves for IM and IV adminis-
tration were congruent, as expected. Their conclusion was that
“The terminal t, 12
specifically, they determined that the plasma elimination was “tri-

(half-life) was slow, approximately 3 hr”. More

exponential” with the alpha, beta, and gamma half-lives being 2.2

min, 18.7 min, and 183.6 min, respectively.

A study [7] conducted on behalf of Reckitt Benckiser, the mar-
keter of Subutex® and Suboxone ®, reported what they called a “ter-
minal” half-life of 26 hours (denoted with the subscript “z”) that
was derived by linear regression over the “terminal” phase. Visual
inspection of their figures plotting plasma concentration versus
time show half-lives in plasma of no more than 4 hours. The au-
thors stated that their analytical method was sufficiently sensitive
to quantify plasma buprenorphine concentrations after a single 2
mg dose, but they were not able to calculate a half-life for that dose,

stating that “... reliable estimation of t, , was possible in only a few

1/2z
subjects at the 2 mg dose level”.
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Two publications by Harris., et al. [8,9] provide additional data
helpful in estimating the plasma half-life of buprenorphine. Figure
4 in the 2000 article [8] shows log-linear presentations of mean
plasma buprenorphine concentrations for 8 mg buprenorphine,
with and without naloxone. The 3 graphs for buprenorphine show

almost perfect congruence, as expected.

The peak concentration for buprenorphine in their study was 8
to 9 ng/ml and occurred at approximately 1 hour after administra-
tion. At 3 hours after administration, the plasma levels were down
to half that value, yielding a plasma t, of ~3 hours, consistent with
the original conclusion of Bullingham [6]. However, in Table 1 of the
2000 Harris paper [8] they reported half-lives of 19 to 23 hours.
In the 2004 paper [9] they again reported PK data on sublingually
administered buprenorphine, but this time the fluctuating terminal

values “precluded calculation of valid half-lives”.

Figure 1: Adapted (with permission) from Harris [9]
showing a graph of the plasma concentrations versus time of 4
different formulations of buprenorphine. Doses are labeled by

buprenorphine (B) dose in mg, and naloxone (N) dose in mg.

Review of Figure 1 might lead one to estimate visually a half-life
of no more than 4 hours, and even that estimate might be generous.
Take, for instance, the preparation of B16/N4 (16 mg buprenor-
phine/4 mg naloxone) which peaks at 5 ng/ml. By 3 hours after
administration the concentration had fallen to just over 2 mg, con-
sistent with a half-life of no more than that. Again, these data are
consistent with the PK curves shown by Harris (2000), although
those data were graphed in log-linear form and this figure is linear-
linear. The shape of the curve also suggests a multi-compartmental

disposition system, which we felt would justify further analysis.
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Method and Results

Burkett [10] contends it is possible to obtain a “ballpark” esti-
mate of the half-life of the drug by observing the graph of plasma
concentration versus time, but a more precise calculation of the
elimination rate constants for various compartments, and thereby
the disposition half-live(s), requires a mathematical regression

analysis of the plasma-time curve.

Since Kuhlman is the author that was referenced in TIP63, and
who provides the most often quoted data on the PK of buprenor-
phine, we felt it prudent to inspect that author’s raw data and ana-
lyze them further, in order to better understand how the conclu-
sions were reached. As best we can determine, the original data,
from which all subsequent analyses are derived are presented in
Table 1 of their 1996 paper [2]. We put the tabular data from the
continuation of Table 1, for patients administered 4 mg sublingual

buprenorphine, into an Excel® spreadsheet and graphed it.

The authors reported timed plasma buprenorphine concentra-
tion data, measured from 0.04 hours to 96 hours. The maximum
plasma values (C__ Jvaried from 1.93 ng/ml to 7.19 ng/ml, reach-

ing those peaks in % to 1 hour. The data for 6 patients are shown

in figure 2.

Figure 2: Data for 6 individual patients plotted from t=0 to
t=10 hours. Plotted from data in the continuation of Table 1, on
page 371 of Kuhlman [2].

For completeness, we have also plotted in figure 3 the concen-
tration data up to 48 hours. Since the clinical effect requires entry
into the brain, which action is proportional to plasma concentra-
tion, it seems unlikely that the clinical or effective t,,isas long as
24 to 48 hours.

05

Figure 3: Plasma concentration of the 6 individual patients
[2] carried out to 48 hours post sublingual administration of

4 mg buprenorphine.

Gross inspection of the time course (in either figure) looks re-
markably similar to the graphic data in the two Harris articles [8,9].

The time to decrease from C__ to %2 C__ (plasmat, ,) for no patient

1/2
exceeded 3 hours.

The slope of various parts of the curves also appeared to be con-
sistent with first order elimination kinetics but to verify this hy-
pothesis we graphed the natural logarithm (Ln) of the mean values
for the 6 patients administered 4 mg sublingual buprenorphine,
and performed a regression analysis, carried out to several time
points. The numbers are slightly different from Kuhlman because

they included an obvious outlier in patient C at 0.17 minutes.

Figure 4: Ln of mean values and regression lines from Cmax
to 4 hours and from 4 to 10 hours. The points marked with an
open circle are the Ln of the mean values listed in the referenced
Kuhlman article. The points marked with the X solid show the
regression line from the peak to 4 hours. The red line shows the

regression line from 4 to 10 hours.
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The 4-hour regression line (alpha compartment) is: Y = 1.515
-0.508X
(R?=0.996) P=0.0001 95% confidence limits of k, =
{0.448,0.567}
Sot, ,=0.693/k, whichyieldst, , = 1.36 hours 95% confidence
limits {1.22,1.55}

The regression from 4 to 10 hours (beta compartment) is: Y =
0.090 - 0.151X
(R?=0.977) P= 0.0015 95% confidence limits of k_ = {0.108,
0.193}
Sot,,= 0.693/k, which yields t,= 4.59 hours {3.6, 6.42}

Figure 5: Regression analysis of Kuhlman data,
from 10 h to 48 hours.

We also ran regressions of the Kuhlman data from 10 to 48
hours. The regression parameters for this line (gamma compart-

ment) are:

Y =-0.885-0.042X
limits of k_ = {0.017, 0.068}
t,= 0.693/0.042 = 16.5 h 95% confidence = {10.2,40.8}

R?=0.84 P=0.01 95% confidence

The terminology of alpha, beta, and gamma for these portions
of the elimination curve follows the designations used by Bulling-
ham [6], although the time intervals for sublingual administration
are longer that those observed for IV administration. The intervals
were chosen visually, but after analysis they show statistically sig-

nificant fits to the data.

The different slopes of the 4h, 10h, and 48h lines most likely
represent different compartments, or disposition “phases”, as the

drug moves among compartments until elimination from the body.
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The 48h slope might be called “terminal half-life”, i.e. complete
elimination of all drug from the body, although it is clear that the
quantity of drug (AUC) under the portion of the elimination curve
after 10 hours is small, viz. 2.5 logs smaller than the area from 0-10

hours.

Of note, Table III of Kuhlman shows various PK parameter for
patients receiving 1.2 mg buprenorphine 1V, and for the mean of
the 6 patients. The mean k_ is reported to be 0.30, which would re-
sultin a tl/2 = 2.31 h. (The number in the table is 3.21, which most
likely represents a typographical transposition.) However, Table IV
which presents individual and mean data for 4 mg sublingual dos-
ing reports a mean k = 0.042, and a mean t,,=27.72 hours. (A
recent report by Dong,, et al. [11] using the same composite, non-

compartmental analysis confirms half-lives from 22 to 39 hours.).

Thus, the data analyses in Kuhlman appear to conflict with their
own data and the conclusions of Bullingham [6] and Harris [8,9].
Therein lies, what we believe to be the origin of the long half-life

reported for sublingually administered buprenorphine.
Discussion

We have demonstrated that the commonly promulgated belief
that buprenorphine has a long half-life may be clinically mislead-
ing. By gross visual analysis of concentration-time graphs, and by
graphing and mathematical analysis of raw data, we have shown
that the plasma half-life of buprenorphine is on the order of 4 hours

(or less), not 24 hours.

Although many pharmacologists de-emphasize t, , as a primary

1/2
PK parameter, half-life is still the PK parameter most often quoted
in the clinical literature because it is relatively easy to compute,
given plasma concentration versus time after an IV or rapidly ab-

sorbed dose of medication.

But it is apparent that part of the problem we faced in research-
ing this study is terminology. One will find many adjectives that
modify the term half-life, including plasma, terminal, terminal
plasma, elimination, terminal elimination, peripheral, and often
the term is used with no modifier at all. Even in the 1996 Kuhlman
document [2] the terms “elimination half-life”, “terminal half-life”,
and “plasma terminal elimination half-life” appear to be used in-

terchangeably.

Wright and Boddy [12]in their paper, “All Half-Lives Are Wrong,

But Some Half-Lives Are Useful”, discuss the problems of measuring
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half-life because of multi-compartment accumulation, movement
of drug among the compartments, and elimination. The problem
is further compounded because (in the human anyway) we can
generally only measure drug concentration in one compartment
- plasma. Indeed, that is reinforced in TIP 63: “Half-life: Rate of re-
moval of a drug from the body. One half-life removes 50 percent

from the plasma”.

Sahin,, et al. [13] sought to define the term “operational multi-
dosing” half-life, which to a clinician is clinically significant. They
state that the value reported for many drugs is not the relevant
half-life, that “... the appropriate method for determining the rel-
evant half-life has not been adequately discussed in the literature”,
and that “In a number of cases, well accepted and generally used

approaches are just wrong”.

We reiterate that our analysis is intended to be clinically ap-
plicable, but we do not attempt to establish the effective or thera-

ei-

'max)’

peutic duration of buprenorphine (time between C___and C
ther as a single dose or in multiple dosing regimens. There are too
many variables involved in that analysis, which are well beyond
the scope of this paper. Such variables involve receptor binding af-
finity, saturation, and temporal relationships - which are all poorly
understood in humans. For further discussion of these issues, the

reader is referred to Greenwald [14] and Boas [15].

Figure 6: A plot of Cp versus Time for Multiple Oral
Doses showing Cpmax and Cpmin Citation: https://www.boomer.
org/c/p4/c15/c1502.php Used with permission.

Nevertheless, clinicians use reported half-lives when deciding

on dosing regimens (Shargel'é, p 490). For instance, Figure 6 de-
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picts a simplistic time course of a hypothetical drug plasma con-
centration and illustrates the main pharmacokinetic metrics of oral
administrations every 6 hours. The elimination half-life is 4.6 h (k,
=0.15). Cp, s critical for considerations of acute toxicity and Cp-
i 1S iImportant for considerations of symptomatic relief, in the case
of medication assisted treatment for OUD. In a clinical sense, Cp_,

may also be referred to as MEC (minimal effective concentration).

But toxicity is not a consideration with buprenorphine, which
has a wide TI (Therapeutic Index). The LD cannot be known in hu-
mans, but the lethal dose is extremely high in rats [17] reportedly
over 90 mg/kg, which equates to an absurd dose in the average hu-
man! Reports on buprenorphine “related” deaths do not allow that
determination because of combinations of multiple drug intake or
limited data, but the risk of respiratory depression and overdose
on buprenorphine, in the absence of concurrent central nervous
system depressants, must be extremely low [18]. So, in theory, in-
creasing the daily dose could assure that Cp . is always maintained
above MEC, and would not be dangerous, but would certainly not

be cost effective and might even promote diversion.

Thus, the critical numbers for clinical dosing decisions are plas-
ma half-life and MEC. Indeed, Bullingham [19], as early as 1981,
noted that “... a major determinant of loading of the opiate receptor
is likely to be the time during which plasma buprenorphine levels

are sustained”.

Once the receptors are saturated no additional benefit is gained
from higher or more frequent dosing, but dosing intervals that are
too large can result in wide swings between C___and C__ , produc-
ing levels below the MEC, causing withdrawal symptoms and crav-

ings, i.e. the duration of effect is shorter than the dosing interval.

But plasma concentration is the primary factor that controls dif-
fusion of the drug into the brain. And plasma concentration ver-
sus time analyses are the only data which have been used to report
what is generically called drug half-life, and which is often used to
make clinical dosing decisions, including dosing regimens and dos-

ing change decisions.

The reportedly long half-life appears to represent the time re-
quired to eliminate half the administered dose of the drug by calcu-
lating AUC (Area Under the Curve) to infinity, which is a non-com-
partmental method for determining half-life [16,20]. Using the data
in table IV of Kuhlman and the formula k, = Cl/ Vd one obtains the
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almost identical numbers in the column for k , and corresponding
half-lives. (There is one exception: The value for mean t, would

be 22.23 h, not 27.72 h.).

The problem with this method, however, one author [21] con-
tends that “Terminal plasma half-life is the time required to divide
the plasma concentration by two after reaching pseudo-equilibri-
um, and not the time required to eliminate half the administered
dose”. The time to pseudo-equilibrium is dependent upon the for-
mulation and the route of administration, but in the case of a sub-
lingual formulation, even if one includes the time to reach C__ (30
to 60 minutes (Figure 2) the plasma half-life cannot be any more

than 4 hours, even considering lipid and protein binding.

AUC is a measure of the extent of total systemic exposure to
a drug. AUC and C__

sons and are clinically useful in considering the amount of drug

are often used in bioequivalence compari-

absorbed systemically, for therapeutic and/or toxicity consider-
ations. But AUC cannot be used to determine the duration of drug
clinical action (by any definition of that term), which can only be
determined by clinical studies, and which are not purely mathe-

matical exercises.

MEC is directly dependent on patient-specific parameters such
as volume of distribution and clearance rate, which are in turn af-
fected by patient health status, body mass index, blood volume,
metabolism, pH, protein binding, renal and hepatic function, and
third-space dynamics. Other considerations include receptor bind-
ing kinetics, but the temporal binding of buprenorphine to the
mu (and other) opioid receptors is poorly understood in humans.
These complexities can explain why patients require different dos-

ing regimens to achieve relief from withdrawal symptoms.

But despite all the variables affecting clinical efficacy, there
is little argument that the clinically relevant, “effective”, half-life
must, in some way, correlate with the plasma levels, which, for the
slower portions of the elimination curve are miniscule. To invoke

any other association begs physiologic credulity.

Figure 7 is a frequency distribution of dosing in the OTP di-
rected by one author (DMS), which, accounting for the variability
among formulations of medication and the biological variability
among patients, essentially confirms the dosing efficacy of Kuhl-
man [3] and the opinion of Greenwald [18], that there are limits to
the scientific evidence available for determining appropriate doses

of buprenorphine.
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Figure 7: Frequency distribution of buprenorphine doses in a
large Opioid Treatment Program directed by author DMS, for 2116
doses administered during the period 11/1/2019 - 11/31/2019.
Except for “take-home” doses, the full dose is administered at the
same time in the morning. All patients requiring more than 8 mg
report dividing their take-home doses, as do all patients in that
author’s OBOT clinic.

Conclusions

We believe we have demonstrated that the commonly held belief
that buprenorphine’s half-life is 24 hours or longer (i.e. comparable
to methadone) is clinically misleading, and that what is reported as

“terminal” half life is not the relevant PK parameter.

Opioid abusers are sensitive to perceiving plasma concentration
excursions below MEC. The withdrawal symptoms may be mild, but
in these “delicate” patients even mild symptoms induce anxiety, in-
terfere with sleep, and may trigger relapse. That relapse may drive
the patient to use other addictive, and more dangerous, substances

to mitigate the symptoms.

By gross visual analysis of concentration-time graphs, and by
graphing and mathematical analysis of raw data, we have shown
that the plasma half-life of buprenorphine is on the order of 4
hours, not 24 hours. Dosing regimens must be flexible enough to
account for potential excursions below MEC and for biologic vari-

ability among patients.

The biggest limitation of this study is that, because we are using
raw plasma data from a historical source, we are unable to directly
correlate those levels of buprenorphine with clinical effect. How-
ever, it is indisputable that such effect is dependent upon binding

of buprenorphine to the opioid receptors in the brain, and entry
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across the “blood brain barrier” is directly related to plasma con-

centration of the drug. Therefore, any small mass of drug that is

distributed in third spaces, and therefore contributes to the long

“terminal” elimination, can have no contribution to the clinical ac-

tion of the drug, unlike the actions of such drugs as antibiotics or

chemotherapeutics.

Bibliography

1.

US Congressional Research Service (CRS). “Buprenorphine
and the Opioid Crisis: A Primer for Congress” (2020).

Kuhlman JJ., et al. “Human Pharmacokinetics of intravenous,
sublingual, and buccal buprenorphine”. Journal of Analytical
Toxicology 20.6 (1996): 369-378.

Kuhlman J]., et al. “Relationship of plasma buprenorphine
and norbuprenorphine to withdrawal symptoms during dose
induction, maintenance and withdrawal from sublingual bu-
prenorphine”. Addiction 93.4 (1998): 549-559.

Suboxone (buprenorphine and naloxone) sublingual film: Full
prescribing information. Indivior (2020).

US Substance Abuse and Mental Health Services Administra-
tion (SAMHSA): Treatment Improvement Protocol 63 (TIP 63)
(2020).

Bullingham RES., et al. “Buprenorphine kinetics”. Clinical
Pharmacology Therapy 28 (1980): 667-672.

McAleer SD., et al. “Pharmacokinetics of high-dose buprenor-
phine following single administration of sublingual tablet
formulations in opioid naive healthy male volunteers under a
naltrexone block”. Drug and Alcohol Dependence 72.1 (2003):
75-83.

Harris DS., et al. “Buprenorphine and naloxone co-adminis-
tration in opiate-dependent patients stabilized on sublingual
buprenorphine”. Drug and Alcohol Dependence 61.1 (2000):
85-94.

Harris DS., et al. “Pharmacokinetics and Subjective Effects of
Sublingual Buprenorphine, Alone or in Combination with Nal-
oxone. Lack of Dose Proportionality”. Clinical Pharmacokinet-
ics 43.5 (2004): 329-340.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

09

Birkett D]. “Pharmacokinetics made easy (2nd ed). McGraw-
Hill Australia, North Ryde, N.S.W (2002).

Dong R, et al. “Pharmacokinetics of Sublingual Buprenorphine
Tablets Following Single and Multiple Doses in Chinese Par-
ticipants With and Without Opioid Use Disorder”. Drugs R D 19
(2019): 255-265.

Wright ]G., et al. “All half-lives are wrong, but some half-lives
are useful”. Clinical Pharmacokinetics 40.4 (2001): 237-244.

Sahin S and Benet LZ. “The Operational Multiple Dosing Half-
life: A Key to Defining Drug Accumulation in Patients and to
Designing Extended Release Dosage Forms”. Pharmaceutical
Research 25.12 (2008): 2869-2877.

Greenwald MK, et al. “Buprenorphine maintenance and mu
opioid receptor availability in the treatment of opioid use dis-
order: Implications for clinical use and policy”. Drug and Alco-
hol Dependence 144 (2014): 1-11.

Boas RA and Villiger JW. “Clinical Actions of fentanyl and Bu-
prenorphine. The significance of receptor binding”. British
Journal of Anesthesia 57.2 (1985): 192-196.

Shargel L and Yu AB. Applied Biopharmaceutics and Pharma-
cokinetics, 4th Edition. New York, McGraw Hill (1999).

Gueye PN, et al. “Lack of Effect of Single High Doses of Bu-
prenorphine on Arterial Blood Gases in the Rat”. Toxicology
Science 62.1 (2001): 148-154.

Paone D., et al. “Buprenorphine infrequently found in fatal
overdose in New York City”. Drug and Alcohol Dependence 155
(2015): 298-301.

Bullingham RE,, et al. “Sublingual buprenorphine used post-
operatively: clinical observations and preliminary pharmaco-
kinetic analysis”. British Journal of Clinical Pharmacology 12.2
(1981): 117-122.

Bourne DWA. “Non-Compartmental Analysis” (2002).

Citation: Daniel M Strickland and Preeti Manandhar. “Buprenorphine Half-Life - Further Considerations". Acta Scientific Pharmacology 2.2 (2020): 03-10.


https://fas.org/sgp/crs/misc/R45279.pdf
https://fas.org/sgp/crs/misc/R45279.pdf
https://doi.org/10.1093/jat/20.6.369
https://doi.org/10.1093/jat/20.6.369
https://doi.org/10.1093/jat/20.6.369
https://doi.org/10.1046/j.1360-0443.1998.93454910.x
https://doi.org/10.1046/j.1360-0443.1998.93454910.x
https://doi.org/10.1046/j.1360-0443.1998.93454910.x
https://doi.org/10.1046/j.1360-0443.1998.93454910.x
https://www.suboxone.com/pdfs/prescribing-information.pdf
https://www.suboxone.com/pdfs/prescribing-information.pdf
https://doi.org/10.1038/clpt.1980.219
https://doi.org/10.1038/clpt.1980.219
https://doi.org/10.1016/s0376-8716(03)00188-1
https://doi.org/10.1016/s0376-8716(03)00188-1
https://doi.org/10.1016/s0376-8716(03)00188-1
https://doi.org/10.1016/s0376-8716(03)00188-1
https://doi.org/10.1016/s0376-8716(03)00188-1
https://doi.org/10.1016/s0376-8716(00)00126-5
https://doi.org/10.1016/s0376-8716(00)00126-5
https://doi.org/10.1016/s0376-8716(00)00126-5
https://doi.org/10.1016/s0376-8716(00)00126-5
https://doi.org/10.2165/00003088-200443050-00005
https://doi.org/10.2165/00003088-200443050-00005
https://doi.org/10.2165/00003088-200443050-00005
https://doi.org/10.2165/00003088-200443050-00005
https://doi.org/10.1007/s40268-019-0277-9
https://doi.org/10.1007/s40268-019-0277-9
https://doi.org/10.1007/s40268-019-0277-9
https://doi.org/10.1007/s40268-019-0277-9
https://doi.org/10.2165/00003088-200140040-00001
https://doi.org/10.2165/00003088-200140040-00001
https://dx.doi.org/10.1007%2Fs11095-008-9787-9
https://dx.doi.org/10.1007%2Fs11095-008-9787-9
https://dx.doi.org/10.1007%2Fs11095-008-9787-9
https://dx.doi.org/10.1007%2Fs11095-008-9787-9
https://doi.org/10.1016/j.drugalcdep.2014.07.035
https://doi.org/10.1016/j.drugalcdep.2014.07.035
https://doi.org/10.1016/j.drugalcdep.2014.07.035
https://doi.org/10.1016/j.drugalcdep.2014.07.035
https://doi.org/10.1093/bja/57.2.192
https://doi.org/10.1093/bja/57.2.192
https://doi.org/10.1093/bja/57.2.192
https://doi.org/10.1093/toxsci/62.1.148
https://doi.org/10.1093/toxsci/62.1.148
https://doi.org/10.1093/toxsci/62.1.148
https://doi.org/10.1016/.drugalcdep.2015.08.007
https://doi.org/10.1016/.drugalcdep.2015.08.007
https://doi.org/10.1016/.drugalcdep.2015.08.007
https://doi.org/10.1111/j.1365-2125.1981.tb01189.x
https://doi.org/10.1111/j.1365-2125.1981.tb01189.x
https://doi.org/10.1111/j.1365-2125.1981.tb01189.x
https://doi.org/10.1111/j.1365-2125.1981.tb01189.x
https://www.boomer.org/c/p4/c20/c2001.php

Buprenorphine Half-Life - Further Considerations

21.

Toutain PL and Bousquet-Mélou A. “Plasma terminal half-life”.
Journal of Veterinary Pharmacology and Therapeutics 27.6
(2004): 427-39.

Assets from publication with us

Prompt Acknowledgement after receiving the article
Thorough Double blinded peer review

Rapid Publication

Issue of Publication Certificate

High visibility of your Published work

Website: https://www.actascientific.com/

Submit Article: https://www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

10

Citation: Daniel M Strickland and Preeti Manandhar. “Buprenorphine Half-Life - Further Considerations". Acta Scientific Pharmacology 2.2 (2020): 03-10.


https://doi.org/10.1111/j.1365-2885.2004.00600.x
https://doi.org/10.1111/j.1365-2885.2004.00600.x
https://doi.org/10.1111/j.1365-2885.2004.00600.x

	_Hlk47602770
	_Hlk40170129
	_Hlk34473496
	_Hlk4343194
	_Hlk34564097

